Background and Purpose-There is mounting evidence that atherogenic dyslipidemia (ie, low high-density lipoprotein cholesterol combined with high triglyceride concentrations) is an independent predictor of high cardiovascular risk and possibly of stroke. Methods-All patients included in the SOS-TIA cohort underwent an initial standardized evaluation, including medical history, physical examination, routine blood biochemistry, and diagnostic testing, and were followed for 1 year. Lipid profile was evaluated under fasting conditions. Atherogenic dyslipidemia was defined as high-density lipoprotein cholesterol blood concentration Յ40 mg/dL and triglycerides Ն150 mg/dL. Results-Among 1471 consecutive patients with transient ischemic attack (TIA) or minor stroke, overall prevalence of atherogenic dyslipidemia was 5.8%, but varied from 4.6% to 11.1%, depending on final diagnosis (possible TIA or TIA with a cerebral ischemic lesion, respectively). Prevalence of atherogenic dyslipidemia was independently associated with male sex, diabetes, and body mass index, but not with ABCD2 score. Atherogenic dyslipidemia also strongly associated with symptomatic intracranial stenosis Ն50% (adjusted odds ratio, 2.77; 95% CI, 1.38 -5.55), but not with symptomatic extracranial stenosis Ն50% (adjusted odds ratio, 1.20; 95% CI, 0.64 -2.26). Despite appropriate secondary prevention treatment, 90-day stroke risk was greater in patients with versus without atherogenic dyslipidemia (4.8% versus 1.7%; Pϭ0.04). Conclusions-The atherogenic dyslipidemia phenotype in patients with TIA may be associated with intracranial artery stenosis and higher risk of early recurrent stroke. Additional data are needed to confirm these findings and to assess the best way to reduce important residual risk in such patients. (Stroke. 2011;42:2131-2137.)
T he risk of recurrent stroke following transient ischemic attack (TIA) is approximately 5% at 7 days and 10% to 15% at 90 days. 1 Urgent assessment and combined use of preventive treatments in appropriate patients can reduce this risk significantly. 2, 3 However, despite best medical treatment, including antiplatelet drugs, statins, and blood pressurelowering medications, there is a high residual risk of cardiovascular disease. 4, 5 One explanation may be that beyond low-density lipoprotein cholesterol (LDL-C), other factors such as high triglycerides, low high-density lipoprotein cholesterol (HDL-C), and elevated apolipoprotein B are also involved. 6 Even though low HDL-C and high triglyceride concentrations have been separately discussed as possible independent predictors of cardiovascular disease, [7] [8] [9] [10] [11] the combination of these 2 conditions, also called atherogenic dyslipidemia, may be even more deleterious. 6 Such atherogenic dyslipidemia profile is particularly prevalent in patients with type 2 diabetes mellitus, obesity, metabolic syndrome, and/or established cardiovascular disease-a number of conditions associated with a high vascular risk. [12] [13] [14] In contrast, in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study, in which fenofibrate or placebo on top of statin therapy was evaluated (a study that was negative overall), the subgroup analysis of individuals with both low HDL-C and high triglyceride concentrations suggested a possible benefit of adjunctive fenofibrate treatment. 15 In a meta analysis of fibrate trials, we have also shown a significant treatment by atherogenic dyslipidemia interaction, suggesting that this group of patients could be a target for effective fibrate therapy. 16 Hence, as recently discussed, the presence of atherogenic dyslipidemia may contribute to residual cardiovascular disease risk, and the management of all atherogenic lipoproteins, in addition to lowering of LDL-C, may help reduce cardiovascular risk. 6 Because few data were available regarding the possible role of atherogenic dyslipidemia in stroke patients, the aim of the present study was to investigate the prevalence and clinical implication of atherogenic dyslipidemia phenotype (low HDL-C together with high triglycerides) in the SOS-TIA cohort (ie, patients at high risk of recurrent stroke).
Methods

Patients
Both the design of the SOS-TIA clinic and the initial results had been described in detail elsewhere. 3 The present report concerns all patients admitted to the SOS-TIA clinic between January 2003 and December 2008 with a final vascular diagnosis of TIA or minor stroke. Briefly, SOS-TIA is a TIA clinic with round-the-clock (24-hour) access; it is located in a "day" hospital (also open at night), nested in a neurology department that also has a stroke unit. Primary care physicians (ie, general practitioners, cardiologists, neurologists, and ophthalmologists) and emergency department physicians in Paris and its administrative regions can contact the SOS-TIA clinic via a toll-free telephone number. Patients are admitted to the SOS-TIA clinic if the suspicion of TIA is confirmed by a trained nurse or vascular neurologist after a brief telephone interview. After triage based on etiologic work-up performed in fewer than 4 hours, patients are either discharged home from the day hospital or are then admitted to the stroke unit according to published criteria. 17 
Data Collection
Each patient's demographics, baseline characteristics, clinical information, examination findings, final vascular diagnosis, medications, and follow-up information were collected using a structured questionnaire. TIA was defined as an acute loss of focal cerebral or ocular function attributed to inadequate blood supply, with symptoms consistent with TIA lasting fewer than 24 hours. If brain computed tomography or magnetic resonance imaging scans showed acute infarction in an area corresponding to the symptoms, the patient was judged to have a TIA with a new lesion; if not, the event was classified as TIA without a new lesion. Cases with transient focal neurological symptoms whose clinical and radiological features did not allow designation as definitive TIA were categorized as possible TIA. Patients with incomplete recovery were judged to have had a minor ischemic stroke regardless of brain imaging results. Neurologists in the outpatient clinic obtained follow-up information via telephone calls on the occurrence of any vascular events or death during face-to-face interviews or by research nurses. In all cases of a reported vascular event, medical records were obtained whenever possible. Adjudication of predefined end points (stroke, myocardial infarction, and vascular death) was validated by consensus between 2 neurologists (P.C.L. and P.A.).
Investigations
All patients had an initial standardized evaluation including medical history, physical examination, routine blood biochemistry, and diagnostic testing. Blood samples were collected in fasting conditions for evaluation of the lipid profile at admission, or during a second set of investigations before any change in lipid-lowering treatment. Brain imaging was performed immediately (either magnetic resonance imaging or a default computed tomography scan). Cervical duplex ultrasonography and transcranial Doppler were performed systematically and immediately by a fully trained senior vascular neurologist. Intracranial stenosis Ն50% or occlusion corresponding to clinical symptoms was considered symptomatic when confirmed by another method of cerebral vascular imaging (magnetic resonance angiography or computed tomographic angiography or high-resolution magnetic resonance imaging). Cardiac evaluation included a 12-lead electrocardiogram, and transthoracic and transesophageal echocardiography. Echocardiography was performed on the same day in cases where a high-risk cardiac source of embolism was clinically suspected, and later in other cases.
Atherogenic Dyslipidemia Subgroup
The atherogenic dyslipidemic subgroup was defined as patients with both high triglycerides and low HDL-C according to prespecified cutoff values. According to the lack of clear consensus and to results of a previous meta-analysis, these cutoffs were defined as triglycerides Ն150 mg/dL and HDL-C Յ40 mg/dL, regardless of patient's sex. 6, 16 
Statistical Analysis
Data analysis was based on 1471 patients with diagnosis of TIA or minor stroke for whom both HDL-C and triglyceride measures were available. Bivariate comparisons were made using the 2 tests (Fisher exact test was used when expected cell frequency was Ͻ5) for categorical variables and Student t test for continuous variables. To assess the selection bias related to missing HDL-C and triglyceride data, clinical characteristics were compared between included and nonincluded TIA and minor stroke patients. We calculated the prevalence of individual and combined criteria for diagnosis of atherogenic dyslipidemia phenotype in the overall study sample and in each final vascular diagnosis. Among the overall study group, we studied the independent association of conventional vascular risk factors with atherogenic dyslipidemia phenotype using a stepwise logistic regression analysis with entry and removal values set to 0.10. ORs and their 95% CIs for the presence of significant atherosclerosis (overall and by arterial territory) associated with atherogenic dyslipidemia phenotype were calculated using logistic regression analysis adjusted on hypertension, LDL-C, and other risk factors associated with atherogenic dyslipidemia phenotype. Primary analyses were conducted using the combined criteria for diagnosis of atherogenic dyslipidemia phenotype; they were repeated using individual criteria. Finally, we estimated and compared the 90-day stroke risk and the 1-year composite outcome (stroke, myocardial infarction, vascular death) between patients with and without atherogenic dyslipidemia phenotype using the Kaplan-Meier method and the logrank test. Patients who died from causes other than stroke or vascular disease were censored at the time of death, depending on the outcome. Statistical testing was performed at the 2-tailed ␣ level of 0.05. Data were analyzed using the SAS software package, release 9.1 (SAS Institute).
Role of the Funding Source
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Results
Of 2398 patients admitted from January 2003 to December 2008 at the SOS-TIA clinic for suspected TIA, 1850 patients had a final vascular diagnosis of TIA (definite or possible) or minor ischemic stroke. Of them, 1471 patients with available fasting HDL-C and triglyceride measurements (80%) were included in the present study. Compared with the 379 excluded TIA or minor stroke patients, included patients were younger and more likely to have neurological weakness (Supplemental Table S1 , http://stroke.ahajournals.org). Table 1 reports the prevalence of individual and combined criteria of atherogenic dyslipidemia, overall and by final vascular diagnosis. Using prespecified definition of lipid profile abnormalities (HDL-C Յ40 mg/dL and triglycerides Ն150 mg/dL), 160 patients had low HDL-C (11%), 288 patients had high triglycerides (20%), and 85 patients had both low HDL-C and high triglycerides (6%). Regarding final vascular diagnosis, the higher prevalence of atherogenic dyslipidemia phenotype was found in definite TIA patients with an ischemic lesion detected on computed tomography scan or magnetic resonance imaging examination (Table 1) .
Prevalence of Atherogenic Dyslipidemia
Atherogenic Dyslipidaemia, Vascular Risk Factors, and Clinical Features
As shown in Table 2 , atherogenic dyslipidemia phenotype was associated, in univariate analysis, with all conventional vascular risk factors, with the exception of age. To evaluate further the relationship between body mass index (BMI) and atherogenic dyslipidemia phenotype, we used the World Health Organization classification of BMI, and found a gradual increase in the prevalence of atherogenic dyslipidemia phenotype from 3% in patients not overweight (BMI . Similar results were found in additional stepwise logistic regression analyses using individual criteria as dependent variables; the exception was with associations between high triglycerides and hypercholesterolemia, which also reached significance (data not shown).
Concerning TIA symptoms, we only found a higher proportion of neurological weakness in patients with atherogenic dyslipidemia phenotype. However, this difference disappeared after adjustment for vascular risk factors (Pϭ0.15). Regarding ABCD2 score, 48% of patients (nϭ39) with atherogenic dyslipidemia phenotype had an ABCD2 score Ն4 compared with 43% of patients (nϭ566) without (Pϭ0.33).
Atherogenic Dyslipidaemia and Atherosclerosis Disease Feature
As shown in Table 3 , significant atherosclerotic disease was more frequently documented in patients with versus without the atherogenic dyslipidemia phenotype (51% versus 31%; Pϭ0.0001). However, this difference disappeared after adjustment for hypertension, LDL-C, and other vascular risk factors associated with atherogenic dyslipidemia phenotype (adjusted OR, 1.58; 95% CI, 0.94 -2.66). Among cerebral, coronary, and peripheral artery territories, the strongest between-group difference was found for cerebral artery territory, which remained significant in multivariate analysis (adjusted OR, 1.86; 95% CI, 1.08 -3.20). When extracranial and intracranial arteries were considered separately, a specific relationship was found between atherogenic dyslipidemia phenotype and symptomatic intracranial atherosclerotic disease, with an adjusted OR of 2.77 (1.38 -5.55). The adjusted OR for presence of symptomatic extracranial atherosclerotic disease was 1.20 (0.64 -2.26). Regarding individual criteria, the same specific relationships with intracranial atherosclerotic disease were observed (Figure 1 ).
Atherogenic Dyslipidemia and Risk of Recurrent Vascular Events
After presentation at the TIA clinic, 98% of included TIA and minor stroke patients (nϭ1443) were followed for a median of 13 months (interquartile range 12-16). At 1-year followup, 39 strokes (27 within 90 days, 5 fatal), 6 myocardial infarctions (2 fatal), and 6 other vascular deaths had occurred. Nine nonvascular deaths and 3 deaths of unknown cause also occurred within 1 year of presentation.
Four strokes occurred within 90 days after admission in patients with atherogenic dyslipidemia phenotype, giving an estimated early risk of stroke of 4.8% compared with 1.7% (nϭ23) in patients without atherogenic dyslipidemia phenotype (logrank, Pϭ0.04). Only 1 additional vascular event occurred within 1 year of follow-up in patients with atherogenic dyslipidemia phenotype, whereas 22 additional vascular events occurred in patients without atherogenic dyslipidemia phenotype (Figure 2) . Clinical characteristics of patients with atherogenic dyslipidemia phenotype and vascular events during 1-year follow-up are available in Supplemental Table S2 .
Discussion
In this large, consecutive series of patients with TIA or minor stroke, the prevalence of atherogenic dyslipidemia (triglycerides Ն150 mg/dL and HDL-C Յ40 mg/dL) was 6%. This prevalence was higher in patients with ischemic brain lesion (11%) as well as in patients with other metabolic diseases CI indicates confidence interval. *Odds ratio for presence of severe atherosclerotic disease adjusted for sex, hypertension, diabetes, body mass index, LDL-C, and smoking.
†Symptomatic stenosis Ն50% or occlusion, or documented history of revascularization. ‡Documented history of myocardial infarction, angina, coronary revascularization. §Mobile thrombus or plaques Ն4 mm diagnosed by transesophageal echocardiography examination at admission or during a second set of investigation.
Documented history of peripheral artery disease.
such as class III obesity or diabetes mellitus (13% each). The atherogenic dyslipidemia phenotype was also associated with diffuse atherosclerosis and, strikingly, with symptomatic intracranial artery stenosis, and with an increase in early recurrent stroke.
To the best of our knowledge, the present study is the first to report the prevalence of atherogenic dyslipidemia in a population at high risk of stroke, ie, patients with a recent TIA. Prevalence varied from 4.6% to 11.1% according to the presence or absence of an acute ischemic brain lesion. Compared with other studies conducted in different population settings, the prevalence of atherogenic dyslipidemia was lower than was expected. 13, 18 Beyond the heterogeneity in cutoff values used to define such a disease, particular or associated factors in the different population sets may also explain the differences reported. The present results also confirm the particular place of other metabolic diseases. In past years, there has been speculation that the risk factor profile of the general population is deteriorating, in response to higher rates of obesity, diabetes, and a combination thereof. 19 It could also be assumed that high concentrations of triglycerides, low concentrations of HDL-C and apolipoprotein A1, and small, dense LDL-C comprise a metabolic pattern that may be driven by insulin resistance, which ultimately leads to accelerated progression of atherosclerotic vascular disease. 20 In the present study, atherogenic dyslipidemia was associated with diffuse atherosclerosis. Nevertheless, patients may have a particular profile according to an association with intracranial artery stenosis. When adjusting for confounding factors, symptomatic intracranial atherosclerosis remained strongly associated with low HDL-C, high triglyceride, and the combination of both, whereas extracranial atherosclerosis was not. Another recent study also highlighted that intracranial arterial stenosis may be associated with lipid disorders. 21 A number of other factors were already known to be associated with intracranial stenosis, such as hypertension, hypercholesterolemia, tobacco use, diabetes, black race, and male sex, which are for some also associated with atherogenic dyslipidemia. 22 Mechanisms by which these risk factors contribute to the high risk of stroke in patients with intracranial stenosis still remain unclear. One explanation may be that the association of atherogenic dyslipidemia with a proinflammatory state and oxidative stress contribute to the residual vascular risk, particularly in patients with type 2 diabetes or metabolic syndrome. 6 Nevertheless, it was not possible to measure specifically the weight of metabolic syndrome characteristics in the present study because waist-hip circumferences were not measured. Moreover, because French law does not permit recording of ethnicity in databases, the present study did not contain any information regarding race Figure 1 . Association of extracranial and intracranial atherosclerosis and atherogenic dyslipidemia. Prevalence of atherosclerotic disease and univariate probability values for comparison between atherogenic dyslipidemia subgroups (*) are reported. Odds ratios for atherosclerotic disease adjusted for sex, hypertension, body mass index, diabetes, low-density lipoprotein cholesterol (LDL-C), and smoking are plotted. CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; OR, odds ratio; TGs, triglycerides. or ethnic identity that may also interfere with cervicocephalic atherosclerosis development. 23 From a pathophysiological point of view, it may be that according to the characteristics of both adventitia and media of the intracranial arteries, 24 small, dense LDL particles penetrate the arterial wall more easily and bind to proteoglycans, rendering the arteries more susceptible to oxidative modifications. 25 Early diagnosis and effective treatment of lipid disorders, particularly of atherogenic dyslipidemia phenotype, may then help prevent the progression of intracranial atherosclerosis.
One of the last and most important findings of the present study was that TIA patients with atherogenic dyslipidemia phenotype had a higher risk of early recurrent stroke despite optimal diagnosis and treatment procedures. Taking into account limitations associated with low statistical power, it should be emphasized that most cases of recurrent stroke in atherogenic dyslipidemia population occurred within 10 days of TIA onset. Besides the possible deleterious impact of symptomatic intracranial artery stenosis, which is known to be associated with at least a 2-fold increase in the risk of early stroke recurrence, 26, 27 atherogenic dyslipidemia may also have its own deleterious effect as discussed above. This is consistent with recent meta-analysis of nicotinic acid trials which showed a significant stroke risk reduction. 28 In terms of prediction, the ABCD2 score may be a good tool to discriminate TIA patients at high risk for early recurrence of stroke. 29 Nevertheless, ABCD2 score values in the present study were similar, irrespective of the presence or absence of atherogenic dyslipidemia profile. However, the possible improvement achieved by including such variables needs to be tested in a larger TIA registry. 30 The strengths of our study include its prospective design, the systematic review of all patients by a vascular neurologist, and the low loss-to-follow-up rate. However, several limitations need to be considered. First, the SOS-TIA cohort was not formally population-based, because not all cases of TIA in the Paris area were recorded. 3 However, the patients' characteristics were similar to those of another populationbased TIA cohort. 2, 31 Second, we could not exclude a selection bias because not all patients had a lipid-profile evaluation. Finally, there was limited statistical power for survival analysis. This was caused by a low event rate that was a consequence of fast access to clinic and management, 3 as well as the short follow-up period. Additional larger studies with longer follow-up are needed to replicate these findings and to establish independent contribution of atherogenic dyslipidemia in residual risk.
In conclusion, the present study in consecutive patients treated in a TIA clinic suggests the deleterious role of atherogenic dyslipidemia on the risk of early stroke recurrence. Associated intracranial artery stenosis may be 1 key factor, but atherogenic dyslipidemia may also contribute independently to the risk of stroke recurrence. Because the risk of early stroke recurrence develops despite optimal medical management, atherogenic dyslipidemia identifies TIA patients with higher risk of recurrence, and targeting these patients in clinical trials evaluating compounds that increase HDL-C and decrease triglycerides may help reduce residual risk. 6 Abstract 7
